IN TRO DU C TIO N
Fermentation is the oldest form of biotechnology. It is essentially transforming simple raw materials in to range of value added products by utilizing the growth phenomenon of microorganisms or their activities on various substrates (Soni and Sandhu, 1999; Achi, 2005) .The importance of fermentation in modern-day life is underlined by wide range of fermented foods marketed both in developing and industrialized countries, not only for the benefit of preservation and safety, but also for their highly appreciated sensory attributes (Holzapfel, 2002) . Ethiopia is one of the countries where a variety of fermented, nonfermented foods and beverages are produced and consumed from a wide range of raw materials using traditional techniques. The most known are:1) breads: injera (pancakelike flat bread, difo-dabo, and ambasha; 2) beverages: a) alcoholic: tella (local beer), areki (liquor) and tej; b) nonalcoholic: borde, shamita, bukre, cheka, merissa, korefe and non-fermented foods :kita, guenfo, atmit, kinche, nifro, kollo, besso, chicko, shiro,and ashuck,etc. suggest that enset has been grown in Ethiopia for more than 10,000 years (Jacob, 2004) . It is also is a crop with many uses as human food, livestock feed, industrial fiber, as rob material in fences and house-building, for mattresses and seats making, as local packaging material, and as substitute for table plates or umbrellas (Mehtzun and Yewelsew, 1994; Bizuayehu and Peter, 2003) . Studies indicated that, about 10 million people depend on this plant for their livelihood. In Ethiopia, enset is fermented to produce kocho, the main food product obtained by fermenting the mixture of the scraped pulp of the pseudo stem, pulverized corm and stalks of inflorescence. Other food types obtained from enset are: bulla (extracted juice from edible part of enset) and amicho (non-fermented corm consumed after boiling). Scientific information is available on the microbiology of enset fermentation (Ayele and Berhanu Abegaz Gashe, 1994; Ayele et al., 1997) . These studies indicated that lactic acid bacteria are the dominant microorganisms involved during the traditional fermentation of enset for kocho production. Kocho also contains a diverse group of microorganisms at the beginning of fermentation (total count of 105CFU /g dry weight) as aerobic and anaerobic spore-formers, enterobacteriaceae, lactic acid bacteria and yeasts (Berhanu Abegaz Gashe, 1987) . Enset can improve food security in enset growing areas of Ethiopia and also plays major economic and social roles. It is popular and staple food for millions of people in southern and southwestern parts of the country. The plant is drought tolerant and available throughout the year. It will serve for more number of people in the future as staple food. Nowadays, the Ethiopian Government has launched a project on enset plant familiarization to non-enset growing regions (such as Tigray and Amhara) of the country. As a result enset has been increasingly growing in these non-enset using region alternative food security alleviating food source. Enset has also potential to use as alternative to alleviate the food security problem throughout the world. In addition, enset is a crop with many uses, for human food, for livestock feed, for industrial fiber, as binding material in fences and house-building, for mattresses and seats, as packaging material, and as substitute for plates or umbrellas. Although very popular product, the information on the microorganisms involved during fermentation process and the biochemical changes occurred during the fermentation processes not well studied. Therefore, this study was carried out to examine the fermentation process of kocho including the microbial dynamics and biochemical changes that had occurred during the fermentation process under different treatment conditions.
MA TE RI A LS & ME T HO D S
A survey was conducted between July 2009 and September 2010 to generate information on traditional processing techniques of enset for kocho fermentation, Storage conditions, use of traditional starter culture, length of fermentation time, sensory properties of the fermented kocho and benefits of traditional fermentation. It was carried out using open-ended and semistructured purposive questionnaire at three localities in the vicinity of Hawassa, 273km from Addis Ababa, namely: ChafeeJebesa (3 km east of Hawassa), Tulla and Abella13 and 16 km respectively, (south of Hawassa). From each locality, 30 Households, a total of 90 households were assessed to get firsthand information about the traditional processing techniques of enset for kocho fermentation. In addition, the processors were interviewed in their native language for additional information.
Su r v ey
The corms of selected mature enset plants were used as major raw material for the preparation of starter culture (gamancho). After removing the soil and other unwanted parts of the corm with knife (Shole), it was slightly pulverized with a serrated and sharp-edged tool made from animal bone (scapula) to remove the remaining unwanted part and to make it ready for fermentation. All the prepared corms were wrapped with fresh enset leaves near the farm site and left at ambient temperature for about 8 days. At the 5th day, it was exposed to the sun for 5 to 12 hours and again wrapped with fresh enset leaves and allowed to further ferment for 3 to 5 days.
T r ad i ti on a l S tar t e r C u lt u r e (g a ma nc h o ) P r e pa r at io n The traditional processing of enset has two Phases namely: Phase I (surface fermentation), beginning of fermentation and continued for about 15 days and Phase II (pit fermentation), completion of fermentation for about 15 additional days and stay for a maximum one year (the present survey data, and Figure 1 ). Two knowledgeable women were employed to process the enset for traditional fermentation of kocho. Mature enset plants were selected by the women from Hawassa College of Agriculture research site at farm center and processed for the desired experiments. After complete fermentation of starter culture (gamancho), and ready to use, the selected enset plants were cut and processed in to fresh dough. The fermented starter was chopped and thoroughly mixed with fresh enset dough and apportioned in to treatments (treatments with traditional starter culture). The treatments were: A) Traditional kocho fermentation in pit, B) Fermenting mass in bucket with starter culture (not buried), C) Fermenting mass in bucket without starter culture (not buried), D) Fermenting mass with starter culture in bucket buried in pit, and E) Fermenting mass without starter culture in bucket buried in pit ( Figure 2 ). 
P r o c e s si ng o f e ns e t f o r K o c ho F e r me nt a t i on
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For the traditionally fermenting dough, samples weighing 250-500 g in sterilized sample bottles were taken at 24h intervals for the first 10 subsequent days during the surface (Phase I) and in the pit (Phase II) fermentations. After ten days, samples were taken at 11, 13, and 15 days of kocho fermentation from both Phases. For the remaining four treatments, samples were taken after fermentation for 0, 2, 4, 6, 8, 12, and 15 days from both Phases.
Sa m p li n g
The change in temperature was measured using a digital glass thermometer (8001-A, China) by inserting at different depths: near the fermenting mass on the surface (Phase I) and in a pit (PhaseII) containing kocho dough during each sampling day.
Ph y s ic o c he m ic al A nal y s is
Te m p era t ure Me a su re m en t
The pH was determined after a ratio of 1:1 (w/v) dilution with distilled water according to the method described by Berhanu Abegaz Gashe, 1987; Zvauya and Muzondo, 1995 . The pH meter was calibrated using standard buffer solutions (Merck) at pH 4.0 and pH 7.0.
p H D e te rm in a t i on
Titratable acidity (TA) was determined by titrating according the method described by Oguntoyinbo (2008) . Ten gram of kocho sample was used in triplicate and each sample was homogenized in 90ml
T it ra b le A c id it y of distilled water using stomacher (model 400, Seward). Then it was determined by titrating an aliquot of kocho filtrate (10 ml) with 0.1 M NaOH, using 1% phenolphthalein as indicator. The volume of aliquot used was recorded to determine the amount of acid in the sample and the result was expressed as percent of lactic acid using the formula:
Titratable acidity % = V Na 0.009 100 x x x W Where V = volume of the 0.1M NaOH used; 0.009 acid milliequivalent factor for lactic acid; Na normality of the NaOH used; W = weight of the sample.
[ ] The moisture content was determined using triplicate samples in crucibles (as the method described by Berhanu Abegaz Gashe, (1987) . The samples were oven dried at 90 0C for 24 h. The weight of the dry samples were recorded and calculated as:
M oi st ur e C on t e nt D ete r mi n a tion
Moisture content (%) = W1-W2 100 x
Where W1 = weight of fresh sample; W2 = weight of dried sample [ ]
W1
Ten gram of kocho samples were taken and homogenized in 90 ml sterilized 0.1% peptone water in a stomacher (model 400, Seward) for 30 s at normal speed as described by the method of Amoa-Awua (1997).
The samples were further diluted in series of ten-fold dilution. Aliquots from appropriate dilutions were spread plated in duplicate on pre-dried agar plates of appropriate media for counting. Aerobic Mesophilic Count (AMC) was enumerated on Plate Count (PC) agar after incubation at 30 C for 48h.Enterobacteriaceae (EB) were enumerated on Violet Red Bile Dextrose (VRBD) agar. After 24h incubation at 30 C, Purple to red colonies surrounded by precipitated zones were counted as enterobacteriaceae (EB).Lactic Acid Bacteria (LAB) were enumerate on de -Mann, Ragosa, Sharpe (MRS) agar plates after incubation in Gas Pak jars (BBL Gas Pak, H and CO anaerobic system, Becton, Dicknson and Co., USA) at 30oC for 48h. Yeasts were enumerated on yeast extract glucose chloramphenicol ( 
R ES UL T S
The results of this survey showed that enset is processed at the backyard of ensetplant and pit is used as a means of storage. Furthermore, most of the respondents 67.7% preferred to use backyard as storage than at their home. The survey also showed that the length of time necessary to complete fermentation varied depending on the locality, environmental temperature and mass of the fermenting dough. However, majority of the respondents 62.5% responded that 15-30 days are required for complete kocho fermentation. They further explained that once fermented, the dough can be stored in a pit up to one year. All respondents add traditional starter culture (gamancho) whenever pulverized and decorticated fresh mass of enset is prepared for kocho fermentation. The survey further revealed that50% of the respondents believed that enset clone has contribution to the quality of fermented kocho. The quality of
Th e s u r ve y
fermented dough is increased with increasing duration of kocho storage. About 45% of the respondents also believed that kocho dough stored for a long time has medicinal value and 49% responded its contribution to the quality of the final product.
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The changes in pH of kocho during Phase I fermentation are shown Table 1a . During this Phase of traditional fermentation of kocho (treatment A), the initial pH (day 0) was 6.12 and gradually decreased to 4.50 at the 15th day. In case of treatment B, the fermenting mass at day 0 had a pH of 6.3. It was gradually decreased to 5.0 as the fermentation progressed for 15 days. Similar reduction in pH during fermentation of treatment C, treatment D and treatment E has been observed. The changes in microbial count during fermentation of Phase I are shown in Table 2a . Initially, aerobic mesophilic bacteria were counted to a level of 4.5 log CFU/g during fermentation of treatment A. They showed gradual increment to a maximum count of 9.2 log CFU/g at day 8. Correspondingly, lactic acid bacteria and yeasts were increased gradually until day 15 and day 12 respectively. LAB attained a maximum count of 9.3 log CFU/g at day 15 and yeasts increased to a maximum count of 8.3 log CFU/g at day 12. Enterobacteriaceae increased until day 6, and thereafter decline. Similarly, during fermentation of treatment B, counts of aerobic mesophilic bacteria increased until day 8. Lactic acid bacteria increased to a maximum count of 9.5 log CFU/g at day 15. The yeasts also increased from initial count of 2.5 log CFU/g (at day 0) to 8.3 log CFU/g (at day 12). Counts of enterobacteriaceae reached below detectable level at day 12 and day 15.
Bio c he m ic al C h an ge s d u ri n g ko c h o F e r m e nt a tio n
Ph a se I
The changes in pH of kocho during Phase II fermentation are shown in Table 1b . During Phase II fermentation of treatment A, the pH was further declined to a final pH 4.00 at day 15. During fermentation of treatment B, the pH further decreased gradually to 4.2 at day 15. Treatment C had a final pH of 4.4 (at day 15) and during fermentation of treatment D, the pH fell down to 4.1 at the end of fermentation (day 15). In contrast, the titrable acidity increased to 0.50. The change in pH and titrable acidity during fermentation of treatment E was similar to changes observed during fermentation of treatment C with respective fermentation days. The changes in microbial count during fermentation of Phase II are shown in Table 2b . During fermentation of treatment A, mesophiles were further decreased to a minimum of 2.2 log CFU/g at the completion of fermentation (day 15). Enterobacteriaceae were not detected after day 8. Counts of LAB and yeasts were further decreased to 4.0 log CFU/g and 2.2 log CFU/g respectively at day 15. During fermentation of treatment B, enterobacteriaceae were not detected and mesophiles were decreased to below detectable level after day 12. Both LAB and yeasts showed a decreasing pattern and counted to 5.2 log CFU/g and 3.1 log CFU/g respectively at the end of fermentation (day 15). A similar decreasing trend in the count of mesophiles was observed during fermentation of treatment C. Lactic acid bacteria and yeasts further decreased to a final count of 4.2 log CFU/g and 2.2 log CFU/g respectively at day 15. During fermentation of treatment D, counts of mesophiles further de cre ased to a m inim um of 2.7 log CFU/g at day 15. Enterobacteriaceae were reached to below detectable level towards the end. Maximum count of LAB and yeasts were recorded at day 4 and day 2. Counts recorded during fermentation of treatment E were nearly similar to the counts reported during fermentation of treatment C. 
Ph a se I I : Ko c h o F e r me n ta ti on in pi t
D I SC USSI O N
Studies indicated that in Ethiopia more than 10 million people in the most densely populated areas located in the south and south west part are dependent on enset (Ensete ventricosum). The decrease in pH and increase in titrable acidity (Table 1a & 1b) during the entire kocho fermentation could be attributed to the activities of acid producing microorganisms mainly lactic acid bacteria. Similarly ,lactic acid bacteria were also reported as the main acid producing microorganisms during fermentation of various foods (Durlu-Ozkaya et al., 2001; Tserovska et al., 2002; Mugula et al., 2003; Lu et al., 2008; Oguntoyinbo and Dodd, 2009 ). Nout and Rombouts (1992) also reported types and numbers of lactic acid bacteria, the concentrations of fermentable carbohydrates, the initial pH and buffering capacity of the foods could contribute to the decrease in pH. Treatments fermented with traditional starter culture (gamancho) had initial pH range of (6.1 to 6.3) with TA (0.01 to 0.1). This pH value is slightly lower than the pH value (6.4) recorded in treatments fermented without traditional starter culture (gamancho). The variation was attributed to addition of traditional starter culture (gamancho) that accelerates the fermentation process by serving as a source of high numbers of fermenting microorganisms. This is in agreement with Assanvo et al., (2006) who reported fermented traditional starter being ready for use, contain a high level of microorganisms. On the other hand, the titrable acidity of treatments fermented with traditional starter culture is slightly higher than titrable acidity of treatments fermented without traditional starter culture. This may also signifies the role of the lactic acid bacteria that are contained in the traditional starter culture. Similar results have also been reported for other fermented food products (Kimaryo et al., 2000; Chamunorwa et al., 2002; Mugula et al., 2003; Muyanja et al., 2003; Inayara et al., 2005; Kostinek et al., 2007; Lu et al., 2008) . The reduction of moisture content along with fermentation time mainly attributed to the activities of fermenting microorganisms. Since water is essential for the growth and cell metabolism, they use the available water with in the fermenting kocho dough. In addition, moisture removal has been reported as a function of many factors such as temperature, time, humidity, etc. (Wang et al., 1999) .The other possibility that might have contributed to the reduction of moisture content may be the loss of moisture along with the leaching of nutrients through the permeable leaf and leaf sheathes (during surface fermentation at Phase I) and pit (during pit fermentation at Phase II). Addition of the traditional starter culture (gamancho) is another possibility that might contribute to the reduction of moisture through the metabolic activity of high level of microorganisms contained within the gamancho. The initial stage of kocho fermentation was dominated by aerobic mesophilic microorganisms. This is in agreement with those reported for other food products (Muyanja et al., 2003; Assanvo et al., 2006; Kostinek et al., 2007) . Mashing, mixing and periodical changing of fresh leaves support faster growth of aerobic mesophilic bacteria, enterobacteriaceae and yeasts. Most of starch hydrolyzing yeast genera in the present study were isolated until day 6 of fermentation at Phase I. This may signify that the high content of carbohydrate at early Phase of kocho fermentation. As a result, the starch is hydrolysed in to simple sugars through the amylolytic activities of yeasts. After hydrolysis of the starch in to simple sugar, LAB can utilize these sugars and converted in to organic acids (Oyewole, 2001) . Lactic acid bacteria and yeasts were found throughout the entire fermentation period. This implies their involvement in kocho fermentation. Steinkraus (1996) reviewed that, LAB create an acidic environment conducive to yeast proliferation, while the yeasts provide vitamins and other growth factors for the LAB. Therefore, the simultaneous increment of lactic acid bacteria and yeasts likely to be due to their co-metabolic activities. This results are in agreement with other authors reported the co-occurrence of LAB and yeasts in many foods (Gadaga et al., 2001; Narvhus andGadaga, 2003; Lacerda et al., 2005; Paramithiotis et al., 2006; Nyanga et al., 2007; Vogelmann et al., 2009) . At phase II fermentation, all microbial counts showed gradual decrease over fermentation time in all treatments (A, B, C, D and E) except the lactic acid bacteria in treatment D and treatment E at day 0 to day 4. This is most probably due to the reduction of pH as fermentation progresses. Supporting, result was reported by Ammor et al., (2006) that lactic acid bacteria produce various antimicrobial compounds like bacteriocins which can antagonize at the growth of some spoilage and pathogenic bacteria in foods. In this study, Enterobacteriaceae were undetectable at day 12 and day 15 of fermentation in most of treatments possibly due to unfavorable conditions created due to reduction in pH over fermentation time. A pH of 3.5-4.0 has been reported to inhibit enterobacteriaceae and other Gramnegative bacteria (Steinkraus 1996) . The e liminatio n of enterobacteriaceae may indicate safety of kocho from enteric pathogens. The LAB achieves prominence and dominated the rest flora during the entire kocho fermentation Phases (Phase I and Phase II). This may explain their tolerance to acid. In addition, during fermentation at Phase II, the anaerobic condition created in the pit may favor their growth. This result is in line with Lu et al., (2008) , who reported there is a general agreement on the dominance and beneficial effects of LAB on the fermentation process of starchy food products. Several authors in similar fashion reported yeasts as commonly the predominant microorganisms next to lactic acid bacteria during cassava fermentation and other food products (Oyewole, 2001; Mugula et al., 2003; Assanvo et al., 2006; Oguntoyinbo, 2008; Lu et al., 2008) .
C ON CL U SI ON
The results of this study have shown that the use of traditional starter culture (gamancho) for kocho fermentation contains high number of microorganisms. It can also be concluded that, Lactic acid bacteria and yeasts were the dominant microorganisms during kocho fermentation. The co-occurrence of LAB and yeasts may be taken to be indicative of their co-metabolic activities. Aerobic mesophilic counts and counts of enterobacteriaceae were relatively higher at the start of fermentation process and reached to undetectable level towards the final stages of Phase II fermentation due to the dropdown of pH and increase in titrable acidity. As the fermentation progress, the pH and titrable acidity (TA) decreased and increased respectively. Further work is needed on processing, microbiology and Scaling-up of the indigenous fermentation process.
